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An Algorithm f o r  I n f i l t r a t i o n  Rate Calcula t ions  

L .  Nelson 

INPUT : 
lbllCI 

Out door Conditions : 

V: Wind v e l o c i t y  a s  given by t h e  Weather Bureau o r  measured at 
t h e  s i t e  a t  a 40 f o o t  e l eva t ion ,  knots  (Output of CLIMATE) 

D I R :  Wind d i r e c t i o n  angle i n  clockwise from north,  degrees  
(output  of CLIMATE) 

F igure  7 DEFINITION OF W I N D  DIRECTION ANGLE 

DB: Outside a i r  dry-bulb temperature,  F (Gutput of CLIMATE) 

PB: Barometric pressure ,  i n .  Hg (Output of  CLIMATE) 

Bui ld ing  Descr ip t ion  : 

( H T ) ~ :  Height of kth f l o o r  of b u i l d i n g  (from above-grade),  f t  

t h 
( CFH ) : V e n t i l a t i o n  a i r  Supplied t o  k f l o o r ,  CFH 

SUFP~Y k 

) : V e n t i l a t i o n  a i r  Exhausted fYom kth f l o o r ,  CFH 
( C F H ~ x h a u s t  

HTT: T o t a l  he igh t  of  bu i ld ing  (from above-grade),  f t  

NF: Number of above-grade f l o o r s  



NZB: Neutral  zone of bui ld ing ,  f t  

I f  bui ld ing  has s ta i rways ,  e l e v a t o r  s h a f t s ,  o r  s e r v i c e  s h a f t s  
extending t h e  f u l l  height  of t h e  bui ld ing ,  

NZB = H T T / ~  

I f  bui ld ing  i s  separa ted ,  

NZS : Neutral. zone of e l eva to r  and s e r v i c e  s h a f t ,  f t  

T Z :  Indoor a i r  dry-bulb temperature, F 

TS: Elevator  and s e r v i c e  s h a f t  temperature, F 

WA' : Direc t ion  measured clockwise from nor th  t o  normal of e x t e r i o r  
w a l l  sur face ,  degrees 

BUILDING SURFACE 
UNDER CONSIDERATION 

NORMAL TO THE /' 
SURFACE / I 

Figure 8 DEFINITION OF THE ANGLE BETWEEN NORTH AND 
NORMAL OF THE SURFACE UNDER CONSIDEFWTION 

Windows and Doors : 

NY: Number of windows 

LY : Crack l eng th  of each window, f t  

TY: Type of window 

Wood double-hung window ( locked) ,  non-weatherstripped, 
l o o s e  f i t  

Wood double-hung window ( locked) ,  non-weatherstripped, 
average f i t  

Wood double-hung window ( locked) ,  weatherstr ipped,  
l o o s e  f i t  

Wood double-hung window ( locked) ,  weatherstr ipped,  
average f i t  



LF: Crack length  of frame, f t  

TF: Type of frame 

i 1 Around window frame i s  masonry w a l l ,  with no caulking 

\ 2 Around window frame i s  masonry w a l l ,  caulked 

( 3 Around window frame i s  wood frame w a l l  

ND: Number of doors 

LD: Crack length  of door, f t  

TD: Type of door 

l Infrequently used swinging door, 1/2" crack 

2 Infrequently used swinging door, 1/4" crack 

1 3 Infrequently used swinging door, 1/8" crack 

INF: Flow through opening, CFH per  f t  crack length  
Using t h e  values given i n  Table 14, INF may be calcula ted 
with t h e  following formula. 

where DP: Pressure di f ference across opening, i n .  H20 

CW : Equivalent crack opening 

N: Flow exponent 

TABLE14 FLOW CHARACTERISTICS OF OPENINGS  a able 2, p.  409, 
1967 ASHRAE Handbook of Fundamentals) 



Outside Walls : 

AW: Area of w a l l ,  sq  f t  

TW: Type of w a l l  

8" p l a i n  b r i ck  w a l l  

8" b r i c k  w a l l  and p l a s t e r  

13" p l a i n  b r i ck  w a l l  

13"  b r i ck  w a l l  and p l a s t e r  

13"  b r i ck  w a l l ,  f u r r ing ,  l a t h ,  and p l a s t e r  

frame w a l l ,  l a t h  and p l a s t e r  

24" shingles on 1" X 6" boards on 14" c e n t e r  

16" shingles on 1" X 4" boards on 5" c e n t e r  

24" shingles on shiplap  

16" shingles on shiplap  

bui ld ing paper applied between sheathing and 
shingles  

WALEAK: Flow through w a l l ,  CFH 
Using t h e  values given i n  Table 15,  WALEAX may be ca lcula ted  
with t h e  following formula. 

where NWKSP : Workmanship index 

0.33 good 
NWKSP = { l . o  poor 

TAE3LE 1 5  INFILTRATION CHARACTERISTICS THROUGH WALLS  a able 3 
and Figure 4, p .  410, 1967 ASHRAE Handbook of 
Fundamental S ) 



Swinging Doors : 

NDS: Number of same type  swinging door en t r ances  

.NTYPE: Type of en t rance  

0 s ingle-bank t y p e  
NTYPE = 

1 v e s t i b u l e  t ype  

TRT: Number of persons p e r  hour p e r  door 

I f  NTYPE = 1 

(1f KD < 0,  assume KD = 0 )  

If NTYPE = 0 

SWINGD : Swinging door en t rance  i n f i l t r a t i o n ,  CFH 

SWINGD = ~~OO*~O+NDS*KD*(DPW.  5 ) 

TB: Type o f  surrounding bu i ld ings  

( 1 Shor t e r  bu i ld ing  on windward s i d e  

TB = { 2 k i l d i n g  of equal  o r  g r e a t e r  he igh t  on w5ndward s i d e  

3 T a l l e r  bu i ld ing  on leeward s i d e  

NSB: R a t i o  of  d i s t a n c e  between bu i ld ings  and width of 
condi t ioned  b u i l d i n g  i n  d i r e c t i o n  of wind 

CF: EQuivalent opening of s ta i rway door,  s q  f t  

CS : Equivalent  opening of e l e v a t o r  doors and s e r v i c e  s h a f t s ,  s q  f t  

TM: Type of opening i n  s ta i rway door 34 

TE: Type of opening i n  e l e v a t o r  doors and se rv i ce  s h a f t s  

Using t h e  d a t a  g iven  i n  windows and doors i n p u t  and Table 14, CF and CS 

may b e  c a l c u l a t e d  wi th  t h e  fol lowing formulas.  



* * * * *  OUTPUT : 

1 n o m a l  f i t  

2 t i g h t  f i t  
f o r  TM = 

3 loose  f i t  

4  open stairway 

1 normal f i t  

f o r  TE = 2  t i g h t  f i t  

3 l o o s e f i t  

LEAK: I n f i l t r a t i o n  through each exposure, CFH 

* e * * e  
CALCULATION SEQUENCE: 

1. Let V '  = 1.153 * V 

X = D I R  - WA' 

2 .  Calcula te  the  wind ve loc i ty ,  VH, a t  height  HT on t h e  bui ld ing,  mphJJ. 

3 .  Calcula te  the  t h e o r e t i c a l  wind v e l o c i t y  pressure ,  PTWV, a t  height  HT, 
on t h e  bui ld ing,  i n .  H20 

PTWV = O . O O O ~ ~ ~  * ( ( W  *++ 2 )  

4. Calcula te  the  wind d i rec t ion ,  BWD, r e l a t i v e  t o  bu i ld ing  surfaces .  

BWD = 1 surface on windward s ide  i f ,  

BWD = 2  surface on leeward s ide  i f ,  

90" < X < 270" 

or ,  -go0 < X < -270" 



BWD = 3 s u r f a c e  on s i d e  i f ,  

45" < X < 90" 

o r ,  -45" < X  < go0 

5.. Using Table 16, determine the  normal wind v e l o c i t y  p r e s s u r e  c o r r e c t i o n  
f a c t o r ,  PTKN. 

TABLE 16 VALUES OF PTKN 

6. Determine t h e  wind v e l o c i t y  p re s su re  c o r r e c t i o n  f a c t o r ,  FTKO, f o r  winds 
o b l i q u e l y  t o  t h e  w a l l  sur face .  

I f  BWD = 1 (windward s ide  of b u i l d i n g )  

( P T K o ) ~  = COS ( / X I ) 

I f  BWD = 2 ( leeward s i d e  of b u i l d i n g )  

( P T K O ) ~  = 1.0 

If BM) = 3 ( s i d e  of b u i l d i n g )  

( F T K o ) ~  = Cos ( Ix 1 )  

h DIE = 110" 

F igure  9 D I R  AM3 WA'ANGLES OF EXAMPLE 

77 



Side  1, = l l C O  - 45" = 65" ( the re fo re ,  BWD = 3) 

Side 2, X = 110" - 135" = -25" ( the re fo re ,  BWD = 1) 

Side  3, X = 110' - 285' = l l 5 "  ( t he re fo re ,  BWD = 2 )  

S ide  4, X = 110" - 205" = -205" ( the re fo re ,  BWD = 2 )  

S ide  1, ( ~ K o )  = C o s  (65" )  
S 

S ide  3, ( F T K O ) ~  = 1 . 0  

S ide  4, ( P T K O ) ~  = 1 . 0  

7. C a l c u l a t e  t h e  a c t u a l  wind p r e s s u r e  on t h e  o u t s i d e  of t h e  bu i ld ing ,  
PAW, corresponding t o  f l o o r  k a t  he ight  HT, i n .  H20. 

8. Calcu la t e  t h e  s t a c k  e f f e c t  p re s su re  on the  o u t s i d e  of t h e  bu i ld ing ,  
PSE, corresponding t o  f l o o r  k a t  he ight  FE, i n .  H20. 

( P S E ) ~  = 0.52 * PO X ( ( ~ Z l 3 ) ~  - H T ) ) / T O  

9 .  Calcu la t e  t h e  t o t a l  p re s su re  on t h e  ou t s ide  of t h e  bu i ld ing ,  PCO, 
corresponding t o  f l o o r  k a t  he igh t  HT, i n .  H20. 

10 ,  Ca lcu la t e  t h e  p re s su re  i n  t h e  e l e v a t o r  and s e r v i c e  s h a f t s ,  PES, 
corresponding t o  f l o o r  k a t  he igh t  HT, i n .  H20. 

( P E S ) ~  = 0.52 ++ PO ++ ( ( N z s ) ~  - HT)) /TS  

11, Ca lcu la t e  t h e  p r e s s u r e  d i f f e r e n c e  ac ros s  v a r i o u s  openings. 

a )  Sum a i r  f lows  f o r  each f l o o r  



where ( ~ 1 ) ~ :  I n t e r i o r  Pressure  a t  f l o o r  k, i n .  H 0 
2 

X: ::umber of s i d e s  of  b u i l d i n g  

36 b )  Solve one s e t  of n simultaneous non-l inear  equat ions  f o r  t h e  
v a l u e s  of t h e  i z t e r i o r  p r e s s u r e s  (PI) , . . . (PI), 

12. C a l c u l a t e  i n f i l t r a t i o n  through window, c racks ,  frame c r a c s ,  doors ,  w a l l s ,  
and swinging doors - 5 t h  the  fol lowing equat ions .  

INFILTRATION THROUG3 WINDOW CRACK: 

= (I"') * ( L Y ) ~ , ~ * ( ~ ) ~ , ~  
k,x 

( L E A K F ) ~  = (1: :~)  * ( L F ) ~ , ~ * ( N Y )  
9 k, x k9x 



IT \F ILTRATIOI !  THROUGB W O R S  : 

(LEAD) = ( 7 )  * ( L D ) ~ , ~ + ( N D )  
k7x k7x k,x 

I N F I L T R A T I O N  THROUGH WALLS : 

(MRLEAK) = ( ( 'PCO) - ( P I ) ~ ) * N ) * ( c  )k7 X* ( W k ,  ,*P~~JKSP 
k7x k7x 

I N F I L T R A T I O N  THROUGH SWINGING DOORS : 

(SWINGD) = ( ( ' P c o ) ~ ~ ~ -  (~1)~)*0.5)*4.98*(10**5)*(~~~) * ( D ) k 7 x  
k, x k,x 
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